Background
Dysnatremia, a disorder of sodium concentration, is common not only in critically ill patients but also hospitalized patients, and it confers increased risk for adverse outcomes [1] . The prevalence of dysnatremia in the intensive care unit (ICU) ranges from 6.9 to 17.7%, and varies according to the time of onset, the threshold for diagnosis, and the population being assessed [2] . Except for hyponatremia in heart failure [3, 4] and cirrhosis [5] , there have been rare reports of dysnatremia in hospitalized patients. Substantial additional work is still required to determine the actual occurrence of dysnatremia in clinical settings.
Dysnatremia at admission, including hyponatremia [6] and hypernatremia [7] , is an independent risk factor for mortality. Even slightly abnormal sodium levels are independently associated with poor outcomes [2, 8] . However, hospital-acquired (HA) dysnatremia may be more lethal than community-acquired (CA) dysnatremia [9] , and there may be significant differences in the clinical characteristics, outcomes, and economic burdens between them [10, 11] . If iatrogenic pathogenic factors are avoided, and high-risk patients are identified and treated properly, the incidence of hospital-acquired dysnatremia can be decreased.
Although a recent study [12] showed that the impact of sodium correction on mortality was not significant in the presence of multiple comorbidities or severe diseases, the correction of dysnatremia is another important factor influencing the prognosis [13] . About 3.6 to 6.4% of ICU patients developed both hypo-and hypernatremia during hospitalization [14] ; this mixed dysnatremia may be induced by improper correction and is associated with mortality rates of up to 42% [15] . Persistent hyponatremia was an independent predictor of death in heart failure patients, but whether persistent dysnatremia predicts higher mortality than improved ones has not been investigated in hospitalized patients.
This study aimed to describe the prevalence of dysnatremia in various underlying diseases, to evaluate the impact of different dysnatremia on outcomes, and to identify high-risk patients who may benefit from effective prevention and proper correction.
Material and Methods

Study design and data collection
This study prospectively enrolled all adult patients admitted consecutively to Zhongshan Hospital, Fudan University in Shanghai, China, between October 1, 2014 and September 30, 2015. All the data were collected from the electronic medical record database of this university hospital. The data included demographics, categories of underlying diseases, and laboratory values, including electrolyte status at admission and during hospitalization. The primary outcome was hospital mortality, while the incidence of acute kidney injury (AKI), the length of hospital stay, and hospital costs were also recorded as secondary outcomes. This study was approved by the Institutional Review Board of the Ethics Committee, Zhongshan Hospital, Fudan University, Shanghai China. As an observational survey, the requirement for informed consent was waived. The patient records and information were anonymized and de-identified before analysis.
Definitions and calculation
Hyponatremia and hypernatremia were defined according to the reference range provided by the Central Laboratory (normal range: 137~147mmol/L). Mixed dysnatremia was defined as both hyponatremia and hypernatremia during hospitalization in the same patient [16] . It was defined as "hypo-to hyper-" mixed dysnatremia if hyponatremia occurred before hypernatremia, and "hyper-to hypo-" if not. CA-dysnatremia was diagnosed when dysnatremia happened at admission, HAdysnatremia was defined when dysnatremia occurred after 24 h of hospitalization [11] , persistent dysnatremia was any degree of dysnatremia which persisted until discharge or death, and if not, improved dysnatremia was defined. We defined acute kidney injury (AKI) according to the Kidney Disease: Improving Global Outcomes (KDIGO) criteria [17] : an increase in serum creatinine (SCr) ³26.5 μmol/L (0.3 mg/dl) within 48 h or an increase in SCr to ³1.5 times baseline known or presumed to have occurred within the prior 7 days. We did not consider the urine output for unavailable data. All samples were analyzed in our Central Laboratory. The anion gap (AG) was calculated by the standard formula [18] , with the normal range from 280 to 310 mOsm/L. Hyperkalemia, hypokalemia, hyperchloremia, hypochloremia, hypercalcemia, hypocalcemia, hyperphosphatemia, hypophosphatemia, hypermagnesemia, hypomagnesemia, hyperuricemia, and hypouricemia were defined according to the reference ranges provided by the Central Laboratory.
Statistical methods
The data were analyzed using SPSS version 24.0 software (SPSS, Chicago, IL, USA). Continuous variables are presented as mean ± standard deviation (SD) if they were statistically normally distributed and categorical variables as numbers and percentages. For the continuous variables, data were analyzed using the t test, analysis of variance (ANOVA) (post hoc analysis of LSD between 2 groups), Mann-Whitney test, or Kruskal-Wallis test, depending on their distribution and number of variables. The chi-squared (c 2 ) test was used to compare categorical variables. Kaplan-Meier survival curves stratified by dysnatremia categories were plotted and compared using a signed log-rank test. Multiple binary logistic regression models with the Wald forward stepwise method were used to assess the independent risk factors for hospital mortality, and the results are presented as odds ratios (ORs) and 95% confidence intervals (CIs). Three multiple logistic regression models were used according to different classification methods of dysnatremia, and further subgroup analyses were conducted. We also used multinomial logistic regression analysis to identify risk factors for developing HA-dysnatremia and persistent dysnatremia. Normonatremia was the reference of HA-dysnatremia and improved dysnatremia as the reference of persistent dysnatremia. A P-value <0.05 was deemed to indicate statistical significance.
Results
Demographic and baseline clinical characteristics
The study flowchart is presented in Figure 1 . We included 90 889 patients in this study after the screening. The median age was 59 years old (inter-quartile range [IQR]: 49-67), and 60.9% of the included patients were males. The underlying diseases were cardiovascular (17.8%), cancer (14.7%), general surgery (11.9%), digestive (11.1%), urinary and renal (7.6%), cardiothoracic surgery (7.3%), pulmonary (6.8%), orthopedic surgery (3.8%), endocrine (3.0%), hematological (3.0%), neurological (2.9%), obstetrics and gynecology (2.3%), and others (7.9%). According to the serum sodium levels during hospitalization, the included subjects were divided into 4 groups: hyponatremia (16.8%), normonatremia (81.1%), hypernatremia (1.9%), and mixed dysnatremia (0.3%). In the hyponatremia group, 7059 patients (46.3%) developed hyponatremia at admission and 8180 patients (53.7%) after 24 h of hospitalization, while 5214 patients (34.2%) improved and 10 025 patients (65.8%) remained persistent. In the hypernatremia group, 1687 patients were divided into community-acquired (n=850, 50.4%) and hospital-acquired (n=837, 49.6%) hypernatremia, while 859 patients (50.9%) had improved hypernatremia and 828 patients (49.1%) had persistent hypernatremia. Mixed dysnatremia patients were also divided into "hypo-to hyper-" group (n=102) and "hyper-to hypo-" group (n=183) according to the sequence of dysnatremia.
Characteristics of the study subjects are listed in Tables 1-3 . As described in Table 1 , patients in the 3 dysnatremia groups were older, had higher white blood cell counts (WBC), blood urea nitrogen (BUN), serum uric acid (SUA), and AG, had lower albumin, hemoglobin, and carbon dioxide combining power (CO 2 CP), and had more severe liver injury at admission than patients in the normonatremia group. Table 2 shows that CA -community-acquired; HA -hospital-acquired. Table 1 . Baseline characteristics of patients according to dysnatremia during hospitalization.
* P<0.05; ** P<0.01; # P<0.001; § Row N%. The normonatremia group served as the reference when comparing between two groups. BMI -body mass index; SBP -systolic blood pressure; DBP -diastolic blood pressure; WBC -white blood cell; ALT -alanine aminotransferase; AST -aspartate aminotransferase; TBIL -total bilirubin; SCr -serum creatinine; BUN -blood urea nitrogen; SUA -serum uric acid; CO 2 CP -carbon dioxide combining power; AG -anion gap. Table 2 . Characteristics of patients with community-acquired or hospital-acquired dysnatremia. § Row N%. CA -community-acquired; HA -hospital-acquired; BMI -body mass index; SBP -systolic blood pressure; DBP -diastolic blood pressure; WBC -white blood cell; ALT -alanine aminotransferase; AST -aspartate aminotransferase; TBIL -total bilirubin; SCr -serum creatinine; BUN -blood urea nitrogen; SUA -serum uric acid; CO 2 CP -carbon dioxide combining power; AG -anion gap. Table 3 . Characteristics of selected patients with improved, persistent and mixed dysnatremia. § Row N%. BMI -body mass index; SBP -systolic blood pressure; DBP -diastolic blood pressure; WBC -white blood cell; ALT -alanine aminotransferase; AST -aspartate aminotransferase; TBIL -total bilirubin; SCr -serum creatinine; BUN -blood urea nitrogen; SUA -serum uric acid; CO 2 CP -carbon dioxide combining power; AG -anion gap.
patients in the HA-hyponatremia were younger, had a higher body mass index (BMI), hemoglobin, albumin, SCr, and SUA, had lower WBC and glucose, and had better liver function than patients in the CA-hyponatremia group. HA-hypernatremia patients were younger, had higher WBC, lower hemoglobin, albumin, and CO 2 CP, and had more severe liver injuries at admission than CA-hypernatremia patients. Table 3 shows that the patients with persistent hyponatremia were older, more were males, and more had higher aspartate aminotransferase (AST) and total bilirubin (TBIL) and lower WBC, SCr, serum sodium, and osmolality at admission than the patients with improved hyponatremia. Compared with the improved hypernatremia group, patients in the persistent hypernatremia group had higher serum sodium, chlorine, magnesium, calcium, phosphorus, and osmolality, and had lower AST at admission. Patients in the "hypo-to hyper-" mixed dysnatremia group were older, had higher WBC and K + , and had lower hemoglobin, albumin, SUA, Na + , Cl -, osmolality, and CO 2 CP at admission than the patients in the "hyper-to hypo-" group. 
Prevalence of dysnatremia in various underlying diseases
The prevalence of dysnatremia in different underlying diseases is shown in Figure 2 , and detailed information is provided in Tables 1-3 . The top 4 underlying diseases of hyponatremia were cardiothoracic surgery (32.5%), cancer (31.3%), general surgery (18.8%), and pulmonary diseases (18.7%), while the top 4 ones of hypernatremia were neurological (5.6%), cardiothoracic surgery (4.6%), endocrine (2.4%), and urinary and renal diseases (2.1%). Mixed dysnatremia most often occured in patients with cardiothoracic surgery (1.5%) and neurological diseases (1.0%). The incidence rates of HA-hyponatremia and HA-hypernatremia were higher than the rates of corresponding CA-dysnatremia in patients with cardiothoracic surgery, general surgery, and cancer, while the rates were lower in patients with pulmonary, digestive, and cardiovascular diseases. There were fewer patients with HA-hyponatremia than CA-hyponatremia in endocrine, hematological, and urinary and renal diseases. Hyponatremia was more likely to be persistent than become improved in patients with digestive, pulmonary, gynecological, neurological, general surgery, and urinary and renal diseases, while hypernatremia was more likely to be persistent than become improved in patients with urinary and renal, orthopedic surgery, cardiovascular, hematological, pulmonary, and digestive diseases. All the above differences were statistically significant. "Hypo-to hyper-" mixed dysnatremia was more likely to occur in neurological and urinary and renal diseases than "hyper-to hypo-" mixed dysnatremia, and the reverse was true in cardiothoracic surgery.
Outcomes associated with dysnatremia
The frequency of sodium levels at admission and its relation to hospital mortality are shown in Figure 3 . The graph also shows the U-shaped relationship, the fitting curve, and equation. As demonstrated in Figure 4 and Supplementary Table 1 , hyponatremia, hypernatremia, and mixed dysnatremia increased hospital mortality, the incidence of AKI, the length of hospital stay, and hospital costs when compared with the normonatremia group. Also, hospital mortalities and AKI were higher, the length of hospital stay was longer, and hospital costs were higher in HA-dysnatremia groups than in the corresponding CAdysnatremia groups, except that hospital mortality in the HAhyponatremia group was lower than in the CA-hyponatremia group. Hospital mortalities and AKI were lower, the length of hospital stay was shorter, and hospital costs were lower in persistent dysnatremia groups than in the corresponding improved dysnatremia groups, except that hospital mortality in the persistent hypernatremia group was higher than in the improved hypernatremia group. In addition, the hospital mortality in the "hypo-to hyper-" mixed dysnatremia group was greater than in the "hyper-to hypo-" group (79.7% vs. 20.3%, respectively, P=0.000). All differences were statistically significant. Survival analysis ( Figure 5 ) shows the differences in hospital survival.
Multiple logistic regression analyses of risk factors for hospital mortality
We further conducted multiple logistic regression analyses to identify dysnatremia and other independent risk factors for hospital mortality in 3 models, and the results are shown in Tables 4 and 5 . In all 3 models, mixed dysnatremia was identified as the leading independent risk factor for hospital mortality (OR: 22 In addition to dysnatremia, 16 risk factors for hospital mortality were also identified, including older age, male sex, BMI <18.5 kg/m 2 , DBP at admission >90 mmHg, and laboratory variables at admission (hypochloremia, CO 2 CP >29 mmol/L, AG >16 mmol/L, increased ALT and TBIL, decreased albumin and hemoglobin, WBC>12×10 9 /L, increased BUN, lower SCr, hypouricemia, and hyperuricemia).
Subgroup analyses
To identify the high-risk patients with poor outcomes, we also conducted subgroup analyses of dysnatremia as risk factors for hospital mortality. Supplementary Table 2 shows that age £65 years, BMI <18.5 kg/m 2 , the incidence of AKI, and length of hospital stay £30 days increased the ORs of hypernatremia for mortality compared to other subgroups. Different ORs of dysnatremia for mortality were also observed across various underlying diseases. Table 4 . Final multiple logistic regression analysis of dysnatremia as independent risk factors for hospital mortality. § Normonatremia as the reference. CA -community acquired; HA -hospital acquired; OR -odds ratio; CI -confidence interval. Table 5 . Final multiple logistic regression analysis of other independent risk factors for hospital mortality. § Normal range as the reference. BMI -body mass index; DBP -diastolic blood pressure; CO 2 CP -carbon dioxide combining power; AG -anion gap; ALT -alanine aminotransferase; TBIL -total bilirubin; WBC -white blood cell; BUN -blood urea nitrogen; SCr -serum creatinine; OR -odds ratio; CI -confidence interval.
vs. 55.185 [13.645-223.184], respectively). Supplementary Table 4 shows that age £65 years, BMI <18.5 kg/m 2 , presence of AKI, and length of hospital stay £30 days elevated the ORs of persistent hyponatremia for mortality compared to the corresponding subgroups. BMI <18.5 kg/m 2 , and length of hospital stay £30 days also increased the ORs of persistent hypernatremia for mortality. The top 3 ORs of persistent hyponatremia were from hematological diseases, cancer, and cardiothoracic surgery (OR: 29.114, 11.343, and 10.885, respectively), while the top 3 ORs of persistent hypernatremia were from digestive, hematological, and urinary and renal diseases (OR: 50.959, 37.481, and 32.258, respectively).
Risk factors for developing HA-dysnatremia and persistent dysnatremia
As before, if HA-dysnatremia is prevented and dysnatremia is corrected in a timely and appropriate manner, in-hospital mortality can be reduced significantly. Therefore, we further conducted multinomial logistic regression analysis. Patients with cancer, cardiothoracic surgery, general surgery, and neurological diseases were prone to develop both HA-hyponatremia and HA-hypernatremia, while patients with cardiovascular, hematological, and gynecological diseases and orthopedic surgery were more likely to develop HA-hyponatremia, and patients with endocrine diseases were high-risk patients for HA-hypernatremia. Hyponatremia was prone to continue until discharge or death in patients with cardiovascular surgery and pulmonary, digestive, and gynecological diseases. Other risk factors were also identified and are shown in Supplementary Table 5 .
Discussion
In this observational study, we found that dysnatremia was common in hospitalized patients and was independently associated with poor outcomes, including higher hospital mortality and incidence of AKI, longer length of hospital stay, and higher hospital costs than in patients with normonatremia. Nearly half of dysnatremia happened during hospitalization, while half of hypernatremia and one-third of hyponatremia continued until discharge or death. Multiple logistic regression revealed that all kinds of dysnatremia were independently associated with in-hospital mortality, and mixed dysnatremia (especially "hypo-to hyper-" ones), hypernatremia (especially HA-and persistent hypernatremia), were strong predictors of mortality. Further subgroup analyses proved that the effects of dysnatremia on in-hospital mortality were influenced by age, sex, BMI, AKI, length of hospital stay, and underlying diseases. Patients with cardiothoracic surgery, general surgery, cancer, and neurological diseases were more likely to develop HA-dysnatremia. Other independent risk factors for in-hospital mortality and predictors of HA-and persistent dysnatremia were also identified.
Hyponatremia is the most common electrolyte disorder encountered in clinical practice [19] . The reported prevalence of hyponatremia is determined by various factors, including the definition of hyponatremia, the time of onset, the clinical setting, and the patient population. The incidence of hyponatremia has been reported to be 14.5% on initial measurement in hospitalized patients [20] . Our study found that the total incidence of hyponatremia was 16.8% in hospitalized patients, 46.3% had hyponatremia at admission and 53.7% had it after 24 h of hospitalization, indicating that the incidence of HA-hyponatremia may be underestimated. Timely correction of hyponatremia may be another factor affecting outcomes. Therefore, hyponatremia patients were also divided into improved and persistent groups according to the serum sodium levels before discharge or at death. We found that 34.2% had improved hyponatremia, and 65.8% had persistent hyponatremia. A recent study based on the general population [21] reported that hyponatremia was more common in patients with hypertension, diabetes, coronary artery disease, stroke, chronic obstructive pulmonary disease, and cancer, and was less common in those with none of these comorbidities. In our study, the top 4 underlying conditions associated hyponatremia were cardiothoracic surgery (32.5%), cancer (31.3%), general surgery (18.8%), and pulmonary diseases (18.7%), and the incidence of hyponatremia was 14.7% and 9.0% in cardiovascular and neurological diseases, respectively.
Hypernatremia is another common electrolyte disturbance and is always a reflection of water loss rather than sodium gain. However, it can also be associated with concomitant loss of sodium via hypotonic fluids or adding hypertonic fluids. Research in 2 large Dutch cohorts [22] reported a marked shift in the incidence of dysnatremia from hyponatremia to hypernatremia over 2 decades in ICU patients, which may be related to the increased use of sodium-containing infusions, diuretics, and hydrocortisone. Therefore, iatrogenic factors play a major role in the occurrence and development of hypernatremia. In critically ill patients, the incidence of hypernatremia at admission was 6.9% [2] , and 7.7% of the patients with normonatremia at admission developed hypernatremia during ICU hospitalization [23] . Our study found that the total incidence of hypernatremia was 1.9% in hospitalized patients: 50.4% developed hypernatremia at admission and 49.6% after 24 h of hospitalization; 50.9% had improved hypernatremia; and 49.1% had persistent hypernatremia. The top 4 underlying conditions associated with hypernatremia were neurological diseases (5.6%), cardiothoracic surgery (4.6%), endocrine diseases (2.4%), and urinary and renal diseases (2.1%).
Extensive studies have proved the association between dysnatremia and poor outcomes. In this study, we further showed that hypernatremia (OR 13.387, 95% CI 10.642-16.840, P=0.000) and mixed dysnatremia (OR 22.344, 95% CI 15.709-31.783, P=0.000) were stronger predictors of mortality than was hyponatremia (OR 2.225, 95% CI 1.857-2.667, P=0.000). Improper correction of dysnatremia can lead to mixed dysnatremia. One survey [16] proved that fluctuations in serum sodium levels were independently associated with an increased risk of in-hospital mortality. The mortality rate of patients with mixed dysnatremia in ICU may be up to 42% [15] , and we reported that the mortality was 24.2% in hospitalized patients. The OR of mortality was elevated if hyponatremia was over-corrected and changed to hypernatremia (OR 56.884, 95% CI 35.098-92.193, P=0.000). However, not only a too quick, but also a too slow correction can increase the risk of death regardless of initial dysnatremia [24] . The ORs of HA-and persistent hypernatremia for in-hospital mortality were obviously higher than the ORs of CA-and improved hypernatremia. These differences of ORs did not exist in hyponatremia. All data indicated that hypernatremia was a strong predictor of in-hospital death, and needed to be corrected in a timely and appropriate manner, while hyponatremia required careful correction.
The effect of dysnatremia on in-hospital mortality may vary substantially across different clinical settings and patient population. Therefore, we further tried to identify the patients at high risk of in-hospital death when dysnatremia occurs. Limited studies have reported the risk factors that increase the ORs of dysnatremia for mortality. Several risk factors were identified in our study. Although older age (>65 years) increased the risk of death in patients with persistent hypernatremia and mixed dysnatremia, the risk of mortality in younger patients was higher in other kinds of dysnatremia than in older patients. This difference have occurred because dysnatremia developed in younger patients only when the underlying diseases were more severe. Low BMI (<18.5 kg/m 2 ) also increased the risk of mortality in patients with HA-hypernatremia, improved and persistent hypernatremia, mixed dysnatremia, and persistent hyponatremia compared to normal and high BMI patients.
Since dysnatremia was independently associated with poor outcomes, we can improve the prognosis of these patients if HA-dysnatremia is prevented and dysnatremia is corrected in a timely and appropriate manner. The main finding in this respect was that there are different risks of dysnatremia in various underlying diseases. Patients with cancer, cardiothoracic surgery, general surgery, and neurological diseases were prone to develop both HA-hyponatremia and HA-hypernatremia. Age, sex, and BMI had not only a great impact on the risk of death, but also on the incidence of dysnatremia. We also identified several risk factors from laboratory data at admission for HAdysnatremia and persistent dysnatremia.
The present study has several limitations. First, it was designed as an observational and retrospective study and was open to selection bias. Second, we defined persistent dysnatremia when dysnatremia continued until discharge or death, and if not, improved dysnatremia was defined, which had not been reported and needed further evaluation. Although we tried to include many clinical risk factors, some relevant data, including fluid administration, were unavailable in this study.
Conclusions
Dysnatremia was independently associated with poor outcomes. Hospital-acquired and persistent hypernatremia were strong risk factors for in-hospital mortality. Effective prevention and proper correction of dysnatremia in high-risk patients may reduce the in-hospital mortality, but hyponatremia should be carefully corrected. 
